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(54) HELD EFFECT TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field effect 
transistor for controlling or amplifying digital electrical 
signals or analog electrical signals of very high 
frequency. 

SOLUTION: The field effect transistor, which comprises 
a channel provided on a substrate, a source electrode 
connected to a starting end of the channel, a drain 
electrode connected to an end of the channel, an 
insulator formed on the channel or on a side surface 
thereof, and a gate electrode formed on the channel or 
on the side surface thereof via the insulator, is 
characterized in that the channel is constituted of a 
plurality of carbon nanotubes. 



LEGAL STATUS 

[Date of request for examination] ] 2.08.2003 

[Date of sending the examiner s decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner s 



decision of rejection] 
[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



(SDlnt.Cl. ' 

HOIL 21/338 
29/06 
29/78 
29/786 
29/812 



(22) mmB 



#^2003-17508 

( P 2 0 0 3 - 1 7 5 0 8 A) 
(43)^Jim R W-JtHlS^ 1 ^ 17 0 (2003. I. 17) 



601 



F 1 

HOIL 29/06 
29/80 
29/78 



7-/17- h' 

601 N 51' 102 

B 5F110 
301 B 5F140 

618 B 

29/28 



¥em200 1 - 204 1 82 ( P 200 1 - 204 1 82) 
W-f^i3^7 n 5 U (2001.7. 5) 



(7\)mmA 000004237 

MMumK^^i^.Tn 7# 1 
(72) am 5ttf 

. (74)ft-^A 100082935 

^m± 3ic^ mm (^2^) 



(54) i^m<^>^w] 



(57) mm] 

^ { ^ I > vi^t ^ c^) -r ^ / U ^ ^- ^ I. > 

itT^a .liij ffll ^ I. Mi B -t" 6 CO^ 1^ 




1 

^ > n // >':^>-:f -e 5 * ^ t-r^ inmm4j,z o-> m 
i^mm^nxi^^-t^^mt-r^tm^i^i /^v^L i o 

[0 0 0 1 ] 
[0 002] 

m ^ ^ V > (1 r CI r^^'m^fi^ ^ fH^r# 5 V ^ {i*i^-r ^ 



( 2 ) 003-1 7S08 

2 

^^t LXG Si A s^omi~vm'lt^^m9?'i0}^ h9 

10 [0 0 0 4] m^^^hy>iy>^i^n^— hm^mi^xf) 

i^^1\'LX^^^^/U(;y±^:5i^amm{z.^Ltz^- bM 

[0 00 5] m^^M: i> ^ > ^ omi¥mma^'^i^ 

il. '^\-^-^f^o:>o'hm%.W^^'k\^x¥- h^ffitcg^Lfc 
it ^D-r 6 i6 . ^ - h \z. (iigj^ ;6^ «!± L V 
[0 0 0 6] -^^^mm^-^^m^^ 

[0 0 0 7 J 

mm ^ V ^ um^-f^ ^ m^^v^ ^ ^ k^s:-:>xi^ 



- 2 - 



( 3 

3 

[0 0 0 8] 

[0 0 0 9] Mfz. :^-yr^i^^y^s^-'yr-^^mi^mv lo 
U r ¥ /0 — J J-^ >^ y ^ ^ — :/ ^ -5 1 Mi # /i ;^ — -t- 

[0 0 1 o] ^fc. -f-'Y ^^M::-m^m^'^^m\\\.fzm 
[0 0 1 I] tf — '^r^^-ry^sL—y'^^r^r^-^^t 

'^•'^n.W'^mV'y>V^'y^^y\^il^^^X. mnMrrl'^^^ir^ 20 

■)7-7rsiy^ y^^--/\-\H^tsfiX\^^^^W^t^^ 

[001 2 1 

^ *( r J: o T — JtiV ^ y ^ — ::/(?> ^Ipififfi mx 107c 
[0 0 I 3] :fj-7t:>i-y 

\L\xnw^%^ vyi^'y:^^o-)f^\im^t \^x\x^m,m'^ 

'Z^m:Xtr>'<:>. L/j^U. '^^"Jf^o^^'J^ — ^^^-rj^^^-y^^^ 

ffi^y t /:: ^ ^ <b L r ^fSL-t ^m^^ox%m 

h'M—Tf.:^^ J ^ z^—':fm^^'h^^^\^j)^x^^. 
[0 0 14] ^^%o:>n.W^^Vy^^'y^^\:i^^^x\±^ 40 

^^y-hmffi (L^i^MmjGE) ^m^tx^x-y^A y^ 

^-r^-m^B^'^jt Lx. 'f-'Y^^Mmmmi^i^^^^m 

m-r^ztf^x^ 

[0 0 151 iSTS. m^n^^^m^i-^. m-m-^i*:^^ 



2 0 0 3- 1 7 508 

4 

Km^t^tLx{§i<. m.^m^i^^mu't^tnmor^ 

^^0)^hy>^i>y^^ t Lxmif^L. ^(7ymm&^m'<'"'r 
zti,zj:^mmmf±^'^:^mzmmx^^, ±tz. je^l 

[0 0 161 ?t1:*fe^ftt-^#:ii. ^-Tf.i^'f-y^.-j.-'-y 

c)^ ^ ?fe LT^J:v^L. tf — Tniy-Ty^^ — y/A^ 
^LXi>X\^\ mmiL-rm^i^r- -M — Tn^^^y^^-'y 

[0 0 1 7 1 i^T. uoo>t5:%fJ(:/)^a!tl33|^ 
[0 0 1 81 ^Ui. -^^mom!^m^ hy>i^ y^'yoy 

X. utmWis 'Zit^f-A'^/i-. 3i±y— j^^mM. 4fiKt^'y 

[0 0 191 mm±mm^mt&^^\^^i^^m^t^i^mmx 

^mm. ^^')A < K. y-yx2> {mimmm ^^ffli^tt 
-v-^r^A. ^')^j>.m.m. A^^iy^MM. mtiy')^^^ 

[0 0 2 0] mzoy X 7 \^m'^^mm^±i\::.mm^^m 
fti\.f:Lmm^t-yxiy^\.\ zo:^^^^ mw&mm^m 

[0 0 2 1 ] W^o:>')3--^.-y-y y-^^-^-ft^y^y.^)^ 
^ „ ;^ - y ^ ^ - 'y'<^.>^^;^?fe o i ^ T RS/a L 

mm. it^'^^iS^Mmx^^^-tii^J:i\ '^kfz. ;^J-7K 
v^y ^(i*.;^;^? — 7K>--:^-y ^^L— :7r't> ctv^ 
4^:^^y-^^—':/-C43J:V\ "f- y ^-/i-izm 

^\\Lfzi3-^^>-^ y ^ ^--y ommmmn . o. 3nm>^ > i 

[0 0 2 2] :ij — yr^>'i''y^:^ — y(7:)wmy^y—y^MW. 

[0 0 2 31 mm±i^:^—yf->-f'y^^—'y^mmts'± 



- 3 - 



( 4 

5 

[0 0 2 4] ;<7->K>^-y^^-y^*fefl^i-^:^«t.ir L 
I - V -i- y ^ :x ^ ^ -tr ^ 

to 0 2 5 ] y — xMi^:^oi:r/ K W'i' 

y-;^S<ig-^KL-'f v^l^^^^- 
mu)iifryik',zmr^}ii^xhx\.\ ±tznmmoymz. j; 

[0 0 2 6] p^-.it^-t-y ^:x-:yc/>±{-[i:^y- 
m.m^mrr)ii^xijX^\ ^mmt^xn. mity\)^ 

i^ormmz ^ 03 ;^ /j^ ^ 6 o 

[0 0 2 7] hmSlcfi^^^/fii^m^ J:v^o i^Jx 

a. m. 'T^^'v. mt^^y. mtfh^.y^ 

[0 0 2 8] ;^7-;n>'i-y^^— bm^t ur 
{aifH'r^;'7-?K>'''/-y :^t^V-:^y 

[0 0 2 9] !2!4(1. '^^moyti^&}^ h y ,y :^ ^ </y 



l^m 2003-1 7 5 0 8 
6 

[0 0 3 0] m.^m^i$:t LT. h y ^^a. ^ 

T>^^r. i^fb-O^-tf/i^:^ - r> J^;^^.^' 
[0 0 3 1] gl5f*. '^^m(^:>M¥^^)mh9>^i^:^^oy 

f$:<Jr LT >'^-uv^'^jlv^Ti:v^o fc^x^rt', C60. c 
70, C76, C78. C82, C84. C92^^ if^^ V J: V ^ ^ 

La, Br. Gd, Ho. Nd. Y. Sc. Sc2. ,Sc3N^ Lfc "y ^ 

[0 0 3 2] ;^J-jK>'t-y^^— :/^c^^^>^v^^i:ii£7L 

^m^^^:^mtLxn. tjkmmmm^dxrj^±mm:&iz 

[0 0 3 3] 

i>r¥/)M^^j0)W: h'y^^iy^^ tm^(/'>^— hM:Xm^Q^Mf^ 

-t- ^ * -c ^ ^ <7) -e^^ iHi V jft^: ^ y i-m 
MfH ^ ^ V ^ (1 r a y "^Mfa ^ /^Jl^ ^ V Mi ii*lf-r 

^H^Sbm h y >>^yv 5o 

[iiEc7)fa¥3^^Aftp>^] 

[[El] ^^P^c7)mic7D^Jfe0iiT*^-6mW-^^ 

[U 2 ] :^M9^c7)^lc/)^Saf^|'C^^m^>;^^ h ^ > 

[dl 3] :^M3fl<7)^lc7)|^;^{ji|{-ioV^r^'^'t±^;iSc/) 

[1^ 5 ] >i!imm<7:»^^oyMmmxh^m,^^>0)'^ v^y 

1 

3 v—:^mM 



- 4 - 




- 5 - 



( 6 ) 



^<'rm 2003-1 7508 




(51)Int.Cl/ m^m^ FT f-va-!^' 

MO 1 L 51/00 

F^--^(#'%) 5F102 FBIO GBOl GCOl GC02 GDOl 
G|)02 GDIO GJIO GL02 GL08 
GM02 GR06 GTIO 
5F110 AAOl CC02 DDOl Dl)05 E£0l 
fiE02 EE04 EE29 FFOl PF02 
FF03 (;G01 GG 19 GG22 GG41 
HK02 HK04 
5F140 AAOl AA07 AC36 BAOl BBOO 
BBOl BB15 BD04 BD05 BD07 
BDll BFOl BF03 BF04 BF05 
BF07 BF08 BJOl BJ05 BJ07 



- 6 - 



